S EVEEAL recent reports have indicated a correlation between the level of serum cholesterol and the intensity of emotional stress. The higher cholesterol levels have been found during times when emotional stress appeared to be intense; the lower values were noted with lesser degrees of emotional pressure. Although most subjects in the Air Force study of Groover had relatively minor fluctuations in the serum lipid levels, some officers showed profound increases in serum cholesterol at times of severe emotional stress. The serum cholesterol was reduced in these subjects when the environment could be manipulated to remove the most obvious source of mental perturbation. 1 In 12 men surviving a myocardial infarction, Hammarsten and eoworkers found that the highest cholesterol values during the several months of observation occurred during periods judged to be unusually stressful for the individuals. 2 Friedman, Kosenman, and Carroll observed the serum cholesterol levels over a five-month period in a group of accountants subject to marked variations in work pressure.' Increases in serum cholesterol occurred during periods of intensified occupational stress or other emotional tension. Observation upon subjects younger than those included in these reports have given similar results. Several studies of apparently healthy young students have dem- oustrated an increase in serum lipids coincident with the emotional duress of medical school examinations. 4 " 7 The periodic occupational stress to which the accountants were subject in Friedman's study involved situations in which long hours of work were necessary with an urgency generated by the drive to meet tax "deadlines." These pressures appear not to be identical to those confronting the medical students. Although preparation for a medical school examination undoubtedly involves long hours of sedentary labor and usually generates some sense of urgency as the hour of the test approaches, the circumstances also are particularly likely to produce anxiety. Quantitation of relative anxiety, frustration, anger, or other emotion in such studies is obviously difficult. When interest is directed toward a parameter such as serum-lipid values, the effects of changes in emotion upon habits of eating, smoking and exercise also become important. There is no doubt that these and other aspects of the daily life pattern are altered when environmental pressures shift from a low to a high level. In those studies in which some reasonable estimation of food intake could be made, alterations in diet did not appear great enough to produce the variations in the cholesterol levels. However, even the most meticulous attempt to maintain an accurate log of food intake in free-living subjects is liable to considerable error. Assessment of other changes in living habits is even more difficult.
In the laboratory animal, however, these variables might be more easily controlled and evaluated. L'hley, Friedman, and Ayello therefore undertook a comparison of chickens Circulation Research, Volume IX, January 1961 69 with "aggressive" behavior and those judged more passive in a coop society. 8 Aggressive behavior was considered present in those chicks showing a high level of physical activity, speed and aggression at feeding, and belligerent reaction to handling. The converse behavior characterized the "passive" birds. The 12 "aggressive" chicks of this study gained weight more rapidly than the seven "passive" birds and had a higher mean necropsy weight. The degree of coronary atherosclerosis was reported as similar in both groups but the passive group had higher blood and aorta cholesterol levels. The higher cholesterol levels in the passive chicks were probably due to the fact that these were given extra cholesterol-enriched mash during the last several weeks of the experiment in an attempt to compensate for an earlier, more rapid weight gain of the aggressive group. This study thus showed no definite relationship between the behavior of the chickens and the development of arterial disease. However, food intake, weight gain, and serum cholesterol levels of the aggressive and passive groups were not equal.
The present study was undertaken to determine if an extraneous psychological stress imposed upon cholesterol-fed birds would affect the blood lipid level and the development of atherosclerosis. The cockerels employed in this study were individually caged during the experimental period to facilitate measurement of food intake and to avoid the social pressures of group cooping.
Methods
Hy-line leghorn cockerels, fed a standard starter mash, were housed in groups until moved from the hatchery into the laboratory at five weeks of age. They were banded at this time and thereafter lived in individual cages. The mash, containing 20 per cent protein, was continued during the subsequent two weeks of controlled observation. At the end of this two-week period, the seven-week-old chicks were divided equally into stress and nonstress birds. At this time, the mash of all chicks was enriched with 1 per cent cholesterol, 5 per cent cottonseed oil.
From this date, the stress group was subject to a modification of the conditioned anxiety technique originated by Estes and Skinner. 9 Indivi-dual experimental chambers (11.5 x 11.5 x 11.5 in.) were constructed with grid floors of threesixteenths-inch stainless steel rods placed threefourths of an inch apart. This grid was electrified by a shock power source consisting of an 800 volt A.C. transformer, a Variae, and an 80,000 ohm resistor in series in the circuit. The shock output, measured at the source, was approximately 10 milliamperes. Satisfactory contact with the grid was obtained by thoroughly covering the feet of the chicks with electrocardiographic electrode cream. Five days of each week, the stress birds were placed in the experimental chamber for 12 "anxiety periods" extending over nearly two hours. In each period, a buzzer sounded for two minutes and terminated coincident with a one-to-two second unavoidable shock to the feet of the birds. After a six-minute safe, quiet interval, the buzzer-shock sequence was repeated. The nonstressed chicks were not subjected to these sessions.
All chickens were weighed each week, and individual food intake was measured daily. Food and water were available at all times except for the periods when the animals to be stressed were in the test chambers and the time when feeders were removed for refilling and weighing the mash.
Blood was obtained by cardiac puncture from alternate members of the stress and the nonstress groups two days before the cholesterol feed-stress program started at seven weeks of age, after one week of the experimentation, and after four weeks. A final blood specimen was obtained from each bird on the day of sacrifice. Of the 50 birds entering the study, 2 chosen as stress birds and 2 chosen as nonstress controls died of hemopericardium after the initial cardiac puncture. The results to be reported concern the 46 surviving chicks divided equally into stress and nonstress groups. Serum cholesterol was determined by the method of Abell, Levy, Brodie, and Kendall; 10 total esterified fatty acids were measured by a modification of the method of Stern and Shapiro. 11 Groups of birds were sacrificed 5%, 8y 2 , 14%, and 20% weeks after the cholesterol feedstress program was instituted. Birds were coded so as to insure "blind" conditions for necropsy examination of the hearts, aorta, and great vessels. Gross atherornatous disease of the thoracic aorta and braehioeephalic vessels was graded by the following criteria: 0, no visible lesions; %, few scattered lesions under 1 mm. in size; 1, scattered, discrete lesions 1 to 2 mm. in size; 2, scattered, thick, discrete lesions over 2 mm. in size; 3, confluent thick uniform lesion involving over 80 per cent of the surface of the brachioeephalic vessels and thoracic aorta. Grade 4 was reserved for specimens showing calcification or ulceration, but no lesions of this severity were encountered in the Circulation Research, Volume IX, January 1961 stud3'. After the intact hearts were fixed in 10 per cent neutral formalin, sections were made at the origins of the right and left coronary arteries, and cross sections cut midway between the base and the apex of the heart. Hematoxylin-and Eosin-stained sections were studied for disease of the main coronary arteries and intramyocardial vessels utilizing the criteria of thickening of the vessel wall, fibroblastic proliferation of the intima, and the presence of foam cells.
Results
Behavior, Food Intake, and Growth The cockerels exposed to the stress of the experimental chambers appeared to develop stable "conditioned emotional reactions" within a few sessions. They would stand quietly or move slowly about the chamber during the six-minute quiet, safe periods, but reacted promptly to the onset of the buzzer. After a brief nutter, the birds would assume a typical motionless crouch which was held either until the shock was delivered or just prior to this time. Those birds moving before the shock appeared to develop a sense of time: They would jump off the grid just before the buzzer was scheduled to end and the shock occur. This habit would not persist many days as the duration of the impulse made the shock unavoidable. Shocks were always followed by several seconds of jumping and fluttering. There was no evidence that this experience was physically traumatic to the chicks. The behavior of these birds when outside the test chamber appeared to be somewhat different from that of the nonstressed controls. Although the stressed cockerels were quieter and rarely crowed, they would react vigorously to being removed from their living cages for weighing or transfer to the test chambers. They would usually neither eat nor drink for about an hour after the sessions in the stress units.
The measured daily food intake of all the birds varied with age and most chicks showed a day-to-day variation of 10 6m. or more at some time during the course of the experiment. The mean daily intake was about 60 Gm. when the birds were six weeks of age and about 100 Gm. during the latter weeks of the experiment. On some days, the average intake 
Figure 1
Mean xoeights of stress and nonstress chicles recorded weekly. There were 23 stress and 23 nonstress birds until periodic autopsies were begun after birds ivere 12 iveeks of age (fifth experimental week). Thereafter, weights are for the surviving birds with an equal number of stress and nonstress birds remaining alive each week.
of the stressed birds exceeded that of the controls; on other days, the nonstressed group ate more. Over the entire experimental period, the nonstressed birds (as a group) had a slightly higher intake than did the stressed birds. The mean daily intake was 75 Gm./day/ chick for the nonstressed group and 72 Gm./ day/chick for the stressed group. However, the growth of the two groups appeared identical. Figure 1 illustrates the close agreement of the weights of the stress and nonstress chicks at every age.
Blood Lipids
The mean levels of serum cholesterol and total esterified fatty acids of the 46 chicks in this study are presented in table 1. Values for fatty acids are not given for the birds sacrificed after 8y 2 weeks of the diet-stress program because the specimens were destroyed in a laboratory accident. The stress and nonstress birds sacrificed after 14% experimental weeks had lower lipids than the groups autopsied six weeks earlier or six weeks later. This *Values before diet, after one week of diet, and after tlie fourth week were obtained on alternate members of the entire stress and nonstress groups. Determinations were performed on each bird when sacrificed after 5Vi, 8%, 14M;> or 20M> weeks of the diet-stress program. lower level when chicks were about 22 weeks of age is similar to the decrease noted at this age by others. 12 As expected in cholesterol-fed chicks, the considerable individual variations result in rather large deviations about the means. Thus, at no period was it possible to demonstrate a statistically significant difference between the lipid level of the stress birds and that of the nonstress chicks. Although not statistically important, the stress birds sacrificed after 8y 2 , 14%, and 20y 2 weeks of this study showed somewhat lower blood lipid levels than the nonstress chicks in each of these necropsy groups. This might reflect the slight difference in average food intake noted above.
Disease of Arteries
The close agreement of the blood lipids of the stress and nonstress birds is reflected in the amount of atheromatous disease found at necropsy. These results are recorded in table 2. The degree of aortic disease increased with increasing age of the cockerels and duration of the experiment. Within each necropsy group, the severity of disease was similar in the stress and nonstress chicks.
The highest incidence of coronary disease was found in the 27y>-week-old birds autopsied after 20*4 experimental weeks, but the effect of the duration of the experiment upon disease of these vessels was not so pronounced as the relationship noted in grading the aortic-disease. With the one exception of the cockerels sacrificed after 5y 2 experimental weeks, the incidence of coronary disease was identical in the stress and nonstress chicks. The 5y2 week autopsy series showed a nearly identical incidence with five of nine stress birds and six of nine nonstress birds showing disease.
Discussion
The observed results give no indication that the type of stress employed in this study significantly affects the blood lipid level or development of atherosclerosis in the cholesterolfed cockerel. All of these chicks developed rather marked elevations of the blood lipids. We cannot exclude the possibility that some effect of stress upon blood cholesterol and atheromatosis may have been uncovered if the diet alone had not produced such marked hypercholesteremia and intense stimulus to atheroma formation. Rather than feeding different concentrations of cholesterol and sacrificing all animals after the same interval, we chose the longitudinal type study of maintaining all animals on the same diet while varying the duration of the experimental period. Serum lipids determined after only one week of diet as well as those obtained after five months of diet showed no significant difference between the stress and nonstress birds. There was a considerable difference between the severity of arterial disease found after only five weeks of experimentation and that present after five months. However, over the interval spanned by the necropsies there was no suggestion of a difference between the stress and nonstress birds.
Species vary in their susceptibility to cholesterol-induced vascular disease and may vary in their response to stress. Uhley and Friedman exposed a group of rats on an atherogenic ration to an experimental device which forced the animals to move frequently about a cage attempting to avoid a shock. 13 The seven rats who survived the several months required for the development of arterial disease had a higher blood lipid level and a higher incidence of sudanophilic staining material in the coronary vasculature than rats not exposed to this stimulation. No gross aortic disease was found. The design of the experimental stress to which the rats were subject was not the same as that employed in our study of cockerels. There is a possibility that some forms of applied psychological stress may affect the lipid level and atherogenesis in the laboratory animal while other types of stress have little effect. Moreover, there is the ever-present difficulty in investigative psychology of evaluating the emotional discomfort experienced by any subject. This is obviously quite difficult in noncommunicative animals. From our observation, it certainly Circulation Research, Volume IX, January 1981 appeared to us that the cockerels found the experience in our test chambers to be unpleasant. The design was one intended to produce anxiety and this seemed to be accomplished without inducing panic reactions. The behavior of these chicks was certainly not the same as that of the nonstress control birds. We do not know whether some other form of laboratory stress might have been even more distasteful to the chicks and in some manner affected the blood lipids and atherogenesis.
Summary
Cholesterol-fed cockerels were subjected five days of each week to repetitive unavoidable shocks preceded by warning signals. The birds rapidly developed the intended conditioned emotional reaction. Comparison of these chicks with nonstressed cholesterol-fed cockerels over several months gave no indication that this type of stress influenced weight gain, blood lipid level, or the development of atherosclerosis.
